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A research program is under way to establish the
feasibility of fabricating ion engine accelerator system
electrodes from polycrystallinc  diamond film. Because of
its high thermal conductivity, low coefficient of thermal
expansion, and low erosion rate, diamond film has the
potential of mitigating life limiting and performance
degrading proccsscs which have hindered flight
qualification of ion thrusters to date. The relative erosion
rates of pcdycrystallinc  diamond film, carbon-carbon, and
molybdenum samphx  have been measured al incident ion
cncrgics  of 500 and 750 CV with xenon. At 500 CV the
relative erosion rates of molybdenum to carbon-carbon
were found to bc 7.3:1 and for carbon-carbon to diamond
1.6:1. At 750 CV the ratio was 7.7:1 for molybdenum to
carbon-carbon and 1.9:1 for carbon-carbon to diamond.
Three approaches are discussed for utilizing diamond’s
propertim in the fabrication of thruster grids. In the first
process a molybdenum grid is coated with a chemically
vapor deposited diamond film. In the second approach, a
thick (1 mm) diamond film is deposited on a substrate and
then removed to produce a frm-standing  structure. The
final approach involves the coating of a carbon-carbon
composite grid. In each of these approaches, the diamond
is doped to make it semiconducting.

L Introduction and Background

Work conducted in recent years has significantly
improved our understanding of the physical mechanisms
which limit the lifetime of ion thrusters. Forexnost  among
the.sc mechanisms is the erosion of the accelerator grid (in
. — — —  _-.
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two grid optics) from bombardment with charge cxcharrgc
(CEX) ions created in a region immediately downstream of
the thruster 1.

As early as the 1960’s, cfforls  to characterize the
sputter yield of various clcrncnts  had identified the
improved resistance to erosion of carbon as compared with
molybdcrmm2,3 when bombarded with xenon and krypton
ions. As a rcsuh of its lower erosion rate, as well as its
negative coefficient of thermal expansion, a program to
develop and test ion optics fabricated from carbon fiber-
carbon resin (carbon-carbon) was initiated at the Jet
Propulsion Laboratm+.

More recently, advances in the chemical vapor
deposition (CVD) of polycrystallinc  diamond films has
prompted an cfforl  to assess the potential benefits of
diamond and the feasibility of applying some of these
CVD processes to further irnprovc  upon the carbon based
grid technology. This paper summarizes the status of this
ongoing work.

Curlently, two general strategies are under
consideration to maximize the potential benefit of CVD
diamond for thruster grids. Beeause  the primary cnneem is
erosion of the grid cxposcd  to CEX ion impingement, the
first stra[cgy involves coating a molybdenum or carbon-
carbon gf id with a fihn of diamond, The second involves
growing a diamond film grid thick enough (lmm) to be
self supporting and capable of gentle handling. In either
case the use of diamond would be limited to the accelerator
grid (in two grid optics) or the decelerator grid (for three
grid optics). For the purposes of this paper, discussion
will be limited to a two grid system where the diamond is
used only for the accelcmtor grid.

While many of the thermal, electrical, and mechanical
properties of diamond have bczn well characterized, a
review of the literature did not reveal spuuer  yield data for
diamond under bombardment with xenon ions. As a result
the measurement of these yields and the corresponding
erosion rates  has been the highest priority of this work to
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dat;. Of particular interest is the erosion rate of CVIJ8
diamond as compared to carbon-carbon and molybdenum.

The next section will briefly discuss the thermal and
electrical properties of diamond as they pertain to the
rcquircmcnts  of the accclcralor  grid for the ion thruster.
This will bc followed by a detailed description of the
cxpcrimcnt  used to evaluate the sputter yield and a
summary of the data collcctcd  to date. The following
section will briefly discuss the deposition process as WC1l
as some of the approaches under consideration for diamond
grid fabrication. Finally the status of the evaluation and
conclusions thus far will be presented.

L Malcrial  Pm.peties

A great deal of interest has surrounded the
dcvclopmcnt  of CVD diamond in rcccnt years. Much of
this interest is duc to the unique combination of desirable
properties found in both  natural diamond as WCII as high
quality polycrystallinc  diamond deposited from a vapor
phase. Three of the properties most  relevant to the
application of diamond to ion optics arc discussed below.

. .~

In a ion thruster operating using a hollow cathode
clcztron  source in the discharge chamber, the thermal
environment to which the grids arc subjcctcd  will bc
dominated by the cathode as WCII as the chamber or anode
walls. Once the thruster is in steady state operation tbc
cathode tcmpcralurc  will be close to 1200 C while the
discharge chamber walls may be 400 C. While the screen
grid will shield a fraction this radiant heat from the
accelerator grid, the tcmpcraturc  could still reach a value of
seveml  hundrti degrees Celsius unless the heat is removed.
In addition the accelerator grid will be subject to heating
from impingement of CEX ions on the downstream face.
At these tcmpcraturcs, the dominant heat transfer
mechanism is conduction which onc seeks to maximize in
order to lessen the dcgrcc to which the grid will distort
duc to thermal expansion.

Table 1. Thermal Conductivity

Matcfial K (W/m/K) Notes

Molybdenum 138 20 c

P-loo 520 21 c

Diamond 2000 20 c

Copper 401 20 c

Table 1 lists the room tcrnpcraturc thermal
conductivities  of molybdcnurn,  P-100 (a commcrciall  y
available carbn-carbon  cmmpositc),  diamond and copper.
Diamond has an unsurpassed thermal conductivity and the
conductive cooling of the grid would be limited by the
impedance of the grid-thruster mounting interface.

chmi-fm~d IWMII
As previously mentioned, heating of the accelerator

grid results in a lateral deflection as a result of the
longitudinal thermal expansion. This is a consequence of
the fact the grid is rigidly fixed in the mounting ring along
its perimeter. For a given steady state tcmpcraturc  during
operation onc would like to minimize this distortion. Onc
reason is that the deflection of the grid surface will alter
the spacing between the grids which is nominally on the
order of 0.5 mm. Changes in the spacing will alter the
attainable. beam current for a given beam voltage and if
scvcm enough could rc,sult in contact between the grids.

Table 2. Cocfficicnt  of ‘lhcrrnal  Expansion
— — —  — — . . .

Material u (lo-G/K) Notes
—--——

Mol ybdcnum 5.43 527 C

P-1 00 -1.5 527 C

Diamond 3.8 527 C
—--— _ _  . — . .

Table 2 two lists the CI”E for molybdenum, P-1OO,
and diamond. The P-1 00 composite is the most desirable
in this respect bczausc  of its negative Cl%. A negative
CTE implies a contraction of the material upon heating
which will tend to stiffen the grid making it more rigid.
Diamond however is sczn to have a CTE 30 percent lower
than that of mol ybdcnum.

BlecKical  Resis@jly

Diamond has a band gap of 5.5 CV making it an
cxcdlcnt  electrical insulator with a breakdown field of 109

V/m. Chemically vapor deposited diamond is routinely
doped with boron to make it a p-type semiconductor. It is
more difficult to make an n-type although this has also
been attempted with mixed rmrlts by implantation of ions
such as carbon or doping with phosphorus5’6.

Ideally, the electrical current which must be conducted
by the accelerator grid is only that duc to CEX ion
impingement and should not cxcccd  several tens of
milliamperes at a ~rid bias of several hundred volts. AS the
data in Table ; illustrates, even with doping, the
rcsistivity  of diamond is significant. This should not be a
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significant concern however as the currents involved arc
small (20-30 mA) and Ihe effect of resistive heating will
bc mitigated by the high thermal conductivity and low
CTE.

Table 3. Electrical Rcsistivity

Material p (@m) Notes

Molybdenum 0.5

P-loo 2.5

Diamond 14.2 ● 106 varies with doping
—. —.

~ullc Yr icld

~

Charge cxchangc  ions arc formed when a slow neutral
atom collides with a fast ion resulting in a slow ion and a
fast neutral. Ilc.sc arc produced in a region extending a fcw
millimeters downstream of the ion thruster. The source of
the slow nculrals is a flux of un-ionized gas atoms which
mcapw the discharge chamber through the grids. In ground
based lCSLS,  an additional source of neutrals will be the
background gas in the test facility.

Several studies which have investigated this process
and attempted to model it using particle-in-cell (PIC),  and
Monte-Carlo sin~trlations7-9.  The slow ions produced in
the CEX reactions have insufficient kinetic energy to
wpc the negative potential WC1l created by the acczlcrator
grid and arc accelerated back towards the thruster where
they can impinge on the downstream face of the grid. Over
time, this process will lead to the erosion of the webbing
bctwccn holes in the grid resulting in structural weakening
and increased neutralimr  electron back strcarning.

~“hc potential to rcducc  this erosion was the primary
motivation to incorporate diamond in the fabrication of the
grids. However no published literature was found with
sputter yield data for xenon on diamond. The energy range
of intcrmt  corresponds to the kinetic energy of the CEX
ions impinging on the grid which will depend on where
they arc formed as WC1l as the bias of the accelerator grid.
This vahrc will be in the range of 250-1000 eV depending
on the operating point  chosen for a particular mission.

EUMi!WU

I“hc purpose of the experiment was to measure the
sputter yield Y; defined as the ratio of the number of
e~tcd atoms per incident ion. The targets evaluated were
mol ybdcnum,  a carbon-carbon composite, and a sample of
CVD diamond, Corresponding to each vrduc of the sputter

yield onc can calculate a corresponding erosion rate which
is a more meaningful number for the present comparison.

The proccdurc  used in the cxpcrimcnt involved
mounting the samples  in a holder which is then placed in
an ion beam of known energy. The samples were masked
so that only a narrow area was exposed to beam. This
exposed area resulted in a “trench” being eroded from the
sample, the depth of which could then be measured using
an Alpha-Step profilornctcr.  The eroded depth provided a
means of calculating the. number of atoms removed per
unit area, In addition the beam current &nsity  incident on
the samples was rccordcd  during their exposure using a
birc=cd planar  probe located  centrally in the sample mount.
This probe was also USCXI to map the Mm current density
profile in order to cs(imatc  the variation of ion flux to the
various samples duc to nonunifortnitics  in the beam. A
simplified schematic of the facility is given in Figure 1.

One. challcngc  in ccmducting  this type of erosion
measurement is minimizing the influcncc  of residual
facilily  gases. previous tcsLs suggest that the presence of
nitrogen can lower the. erosion rate of molybdenum
whereas oxygen has been shown to increase the erosion
rates of carbon based materials, Rcactivc  ion etching is
onc tcchlliquc  which has been used successfully to etch
structures in diamond. This technique uses a N@ gas jet
incident on a diamond surface under bombardment with 2
kcV xenon ions. I?rc incident ions in this case provide the
activation energy required to form CO and C02
volatilcsl  0. Minimizing contamination is thcrcforc
essential to rcducc  the chances of reactively eroding the
carbon tal gets.

For these reasons the present test was conducted in a
facility capable of relatively low ultimate pressures. The
system used was a ultra-high-vacuum chamber with a 3
cm Kaufman (Commonwealth Scientific Corp.) ion source
normally used for sputter deposition. me vacuum chamber
geometry is dcpictul in Figure 1.

The systcm  is pumped with a turbomolccular  pump
backed by a small mechanical pump down into the 10 -6

Torr ranp.c and then with an 8“ cryopump to the 10-9 to
10-10 ToI r range. The chamber is wrapped with resistive
heaters eonncctcd to an automatic timer which bakes it out
every evening for .scvcral hours.

Onc drawback of using such a small chamber is the
relative ildlcxibility  of sample and probe placement. For
these tests the samples were located approximately 2.5”
downstream of the source exit plane. Although this
resulted in relatively high incident current densities, and
hence shorlcr test times, it also resulted in a less than
optimal uniformity of the current profile over the area
whcxe the salnp]~  WCrC locatti.

3



.

●

✎

I% rog en 1 . -

Purge Supply
Im d ock
C%amber

‘t’wbomoleall  arPunp
‘lIID Cf~M

Mcchan ical Pump
2.2CYM

/ rlar~ d
~..

b]
.—. I

—
—.

——- —
Turntable J+

Motion II

—— —.-.

18 “ ~ryO~Ump

———

nFM J:lowm  cfcr

w S h u t  off Valw

[m Prcxs.  R~.

Q
N

Ncdk.  Valw
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RCSUILS

The results of the erosion mcasurcmcnts  for tests
conducted with beam voltages of 500 V and 750 V arc
presented in Table 4. For comparison, the sputter yield for
mol ybdcnum  is also prcscntcd from Rcfcrcnccs  3 and 4.
The erosion rates listed have bear normalized to an
incident currcmt density of 1 mA/cm2  for the purposes of
comparison.

The duration of the 500 V test was 5.04 hrs. and the
750 V test 1.98 hrs. The recorded probe current density as
a function of time was integrated to dctcrminc the incidcnl
ion density used in calculating the spuucr  yields.

The carbon-carbon used is commercially avaitablc P-
100 manufactured by TBD and the diamond used was a
plasma assisted chemically vapor deposited (PACVD)
sample obtained from Crystallinc  Materials Corp. (CMC).
The diamond sample provided to us was undopcd  and had a
mirror finish obtained through a process proprietary to
CMC.

The data in table show a higher than predicted yield
for molybdenum brscd on previously published data. The
yield is approximately 46 percent higher than the
published value at beam energy of 500 CV and 12 percent
higher at an energy of 750 cV. If it is correct that
contamination with nitrogen has the effect on
molybdenum of lowering its erosion rate then if
contamination had been prcscn~ the measured yield should
have been lower, not higher than previously published
values.

nxc

Another quantity in which uncertainty is introduced
is the incident ion current. During the experiment, the
probe is centcrcd on the point of maximum current in the
beam. This was checked at various times during the
experiment by moving the probe slightly and observing
the probe current. The. eroded portions of the samples are
located within a 0.5 inch diameter circle centered on the
probe. Non unifom~ity  of the beam results in the current
density decreasing away from the probe. As a result,
using the. current measured by the probe for the yield
calculations would tend to under estimate rather than over
estimate the sputmr yield and therefore would not account
for the diffcrcncc with previous results.

The agrmmcnt  swrns reasonable, particularly at the
higher energy, given the lack of information available
regarding the original cxpcrimcnts  in references 3 and 4.
In particular it would be useful 10 know the base pressures
and what  steps were taken to minimize the chances of
contamination.

Dttc to differcncm  in density, the relative erosion rates
is a more, meaningful comparison than the yield for the
purpose of cvahtating  a grid material. At 500 V the ratio
of erosion of molybdenum to carbon-carbon was 7.3:1 and
the ratio of carbon-carbon to diamond erosion was 1.6:1.
At 750 V the ratio was 7.7:1 for molybdenum to carbon-
carbon and 1.9:1 for carbon-carbon to diamond. The ratios
for mol ybdcnum  to carbon-carbon are lower than one
would expect from previous experiments by Mescrolel  0

which at an accelerating voltage of 300 V was closer to
15:1. If air seepage had occurred the erosion rate of the
carbon based materials would have higher as discussed

4



Table 4. Measured Sputter Yields and Erosion Rates for
Xc Ion Bombardment of Various ‘l”argct Materials

——.—.. -.-.—— —..

500 Cv 750 Cv
Material ya Erosion Ratea’c Yb Erosion Ratcb’c

(atoms/ion) (A/rein) (atoms/ion) (h.lmin)
—— —- .—-—

Molybdenum 1.04 608 1.27 743

Molybdenum @cf. 4) 0.71 415 1.13 661

Molybdcnumd  @cf. 3) 0.90 526 ——.. —--—.

Carbon-Carbon 0.181 83 0.218 96.2

CVD Diamond 0.243 52 0.246 52.5

a Ilasc Pressure = 1,1 ● 1 0-8 Torr, Ave. current dcmsity = 2.17 mA/cm2
. . ..— —

b IlrLw Pressure = 2.3 ● 10-9 Torr, Ave. current density= 3.43 nA/cm2
c Normalimd to a current density of 1 mA/cm2
d Data available only up to an energy of 600 CV

earlier although the erosion of molybdenum would
probably have been lower. To minimize the chances of air
contamination, a base pressure of 10-8 to 10-9 Torr
established before each run and tbc chamber which is onl y
vented when a .samplc  is being cxchangcd,  was baked out
every evening.

N. Fabriti

IMmmd CVD

The deposition of diamond film from the vapor phase
has been an area of significant research activity for several
dccadcs. A discussion of the gas and surface chemistry as
WCII as the various reactor technologies ttsd is beyond the
scope of this paper. Ncvcrthcless  it is ttscful  to outline the
processes involved and identify at least  onc plausible
dcposiLion  approach for the purpose of establishing the
feasibility of using diamond for this application.

The basic clcmcnts  important to tbc diamond
deposition process arc dcpictcd  in Figure 2. A gas phase
source of carbon such as methane is introduced to a
chamber along with a dilucnt  gas such as hydrogen.
Typically tbc methane is only a fcw percent of the total
gas flow by vohtmc. Some source of energy is needed to
dissociate and activate gas spccics into various species
essential to the growth chemistry. Many activation
sources have been employed successfully including RF,
microwave, hot filament, flame, and DC arc plasmas.

The substrate can be any of a variety of materials with
molybdenum a common choice. Diamond crystallite will

5

nucleate on tbc substralc  after a period of time which
depends upon numerous variables including substrate
temperature, surface preparation (such as scratching) and
gas phase spccics concentrations. As adjacent crystallite
grow together a continuous film is formed, The growth
rate of the film will depend OJ] the type of process used but
can range from lCSS than a micron pcr hour for a hot
filament reactor to hundreds of microns per hour for DC
arcjct  plasma ,wmrccs 12.

CH4 (1-5% by Vol) H2

H C}L3* H2 C2H2

Gystallites

c*d?&

(a) Nucleation

[5?4 ‘Substrate

(b) I’ilm Growth

Figure 2. Plasma Enhanced Diamond Chemical Vapor
Deposition



I:of more detailed ill~’orlllatloll  [Ilc r(’adtr IS l~lcr[cd  10
an cxccllcnt  review arlicic  by Siw.ar 13 wtllch  discusses
propmtics  of diamond ar)d  dcjx)si[ioll  chc.nlislry.  Also [hc
review by llachrnann  and I;nckcvor[”  2 dcuiils  [hc relative
nlcriLs  of (k various dcix)si[ion  1~’chlK)k)~ics.

~}i~n~~r)d  ~Q~~ICLl  hlc)lybd(ll u!!] Q r id

Molybdc.num  is co[]lrll(~rlly LIscd  succcsstuliy  a s  a
subs~ratc for diamond (Ic[)osi(iorl.  lrl :iddi[i(m rnolytxlcnurr)
h a s  km uscxl in lhc f:ibrica[iorl  of ion [Ilrus(rr  gri(is  f o r
many years. I;or these reason. s (ici)osition  of diamond
dircztly on a nmlytxicnunl  grid to form a coa[rrlg crncrgcd
early as a oi)[ion  10 ot)lai n sor]]c o f  (tic t)cric. fils o f
dianV3rM1.

Thcadvantagcsof  [his wllcn]c  ir)cludcll]c.slrl]c(ltral
rigidity afforded as a rrsul[  of [IIC mc.tai. in this case the
diamond am primarily as a si)utmr rcsistiin[  coating which
m a y  bc onlya few tc.nsof  [I)icr{)ns  in [hickllc.ss.  A sarr)plc
of nmlybdcnum grid malc.rial  frt)rn an Ol(lc.r gcrlcr-ati[)rl  ion
lhrustc.r(3  rnnl Imlcdiarrlclcr)  wiis u.sui irlorlccx  i~rirllcrll
locvaluatc  tllcgr(~w’[t]  of(liiirllorl(l”  fiim ir]tllcr(’[:ionalor)g”
the walls within llIc hoics an(i  on [lIc. fxcof ttlc wchhing.
l’his dcpositicrn W:IS imforn)cd in a n  oxyp,cwacctylcnc
ffamc diamond syn(hcsis  rcxtor a[ Calwh. ln [his  m.actor,
lhc substram  sits dircc~iy  I)ciow a pianar f lame dur ing
dcposi[ion.  “i’hc g a s  flows (iowrlwar(i  at [hc sut)s[ratc
rcsulling  in a slagna[ion  f l o w . ‘l’tic. fiow gc.omctry
cxtab]ishcs  a spmic.s  conccnlrdliori  tx)umiary  Iayc.r above
lhcsubstratc  lhrough  whictl  [rlclhyl  al)d atomic hydr[)gcn
can (ii f[usc 10 ltlc growirl~  flir]  SUI-faCC..

‘1’llccorl(iiliollsof  llw (ic~wsrlio[l arc iiskd in “i’:it)lc  5
and the. S1l  M micro grai)h in I:igurc  3a shows a region
adjacc,nt  to onc of lhc hoics. ‘1’llc sptmical  fc,a[urcms within
the hole arc i)rot)at)ly  non (iianlond  carbon whiic Lhc

crys[allinc  structures or] tli( lac(’ of IJIC u~t)llll]~,  :IIIJ WLII
at h i g h e r  nlagnific:ilion  Ill l:l~urc 3t) ;irc i)r{)ll:it)iy
dian]ond. ’I’hc. prcscnccof  the non crys[aliinc  dci)osIL\  }rl
the. hole su[:gcst the i(jwcr tcrrlixrii[urc.s  arWor  gas siwc Ics
concxmtrations  unfavorahlc  f o r  diamon(i  forrnaliorl.  ‘1’llc
crosionduc  to CIIX ion inl~)lil~crllcr][ is c.xiK4Kxl  U) (~cur
in the wctst)ing  bc[v’czn  ht)lcs arid ltlcr~’forl” lIIC forl]l:i[lorl”
o f  ctiamon(i on lhis surfs.  r  a~ r~fi(i[rl[ lrl l:l~urc  lt~ u[ti
cnccsuragirq~.

‘1’ablc5. lJian~ond IkiK)s][torl(  ’orl{!itiorlsfor  ‘1’rl;ilorl
Molyiul~snurl]  (;n[i

(OxygcrtiAc~hly  lcrlc f:larrlc Kcacmr)

. .. ——-— _ — — . .-

0VC}12 Ratio i.i05

Substrate ‘1’crnp 8-/() w,) (:

Bumcr-Sut~swdtc  Distar)cc 10 nlni

Ikyosition Time 3 Ilrs.

SurfKt I’rtikwalion scra[chir]g  wilh
diamond ixistc

Onc disadvantage ()[ coating molybdenum with
diamond sims from ttlc (ill  fcrrllg  C’”l”l;  . As a n)olybdcnurn
substrate is allowed 10 cw)l af[cr (ic.posi[ion  of a dian)on(i
fllrn, the film usuatly  pmls  01! :is a rcsuil  of the (ii ffcring
amounts 0( conlrac[ior).  ‘[his could k a conm.rrl  give.rl lhc
ttlc.rmal c y c l i n g  t o  whlctl  arl I[)r]  tllrus~cr  gri(i  wolll(i  tw
sut)jcc[ dllrir)g  a nlissiorl.  Ilowcvc.r onc of  rmst irnix)r[:lrl[
ai)i)licatimis  of diarlmnd  ctm[irlgs is  for  n)achi[lc  ttK)l hl[s
which arc. sut)jcll  to lhcr Irlal cycling under much more
scvcrc mcchanicfil  slrc.s.w.$.  ‘i’hc a(ihcsi(m can bc inlilrovc’(i
by dcimsiling  a[ subs[r  atc (cll)[k.r;i[urc,s favorable 10 lhC

6



!,

formation of intervening layers between the diamond and
rnctal.  Molybdenum ~rbidc is onc cxamplc14.

A scxond fabrication option is to deposit a thick film
which is self supporting. Such a free-standing diamond
grid would have some important advantages over the
diamond coated molybdenum.

Onc advantage is that the adhesion is not an issue. A
srxond advantage is that the CTE for the grid is lower
since it is not restricted to that of its metal backing. A
significant drawback of the free standing grid is the loss of
flcxural  rigidity obtained from the molybdenum.
Polycrystallinc  diamond is exceedingly hard but also
brittle. Thus far no information has been found
quantifying the flcxural  rigidity of frm standing CVD
diamond films but small samples, even those
approximately a millimeter thick arc fragile and require
careful handling.

The process for growing a free-standing grid would
essentially be the same as the coated molybdenum cxccpt
the film grown would have to be hundreds or thousands of
microns thick and poor adhesion would be desirable in
order to remove the diamond from its substrate. It may
still be possible to grow the diamond on a substrate with
holes in order to produce a grid with holes. However,
bccausc  the thickness involved, the diamond film may
grow laterally as WCII as vcrticatly,  thereby closing off the
holes. If this is the case it wouId then be necessary to first
pmducc a frtw-standing  diamond disk, and then machine the
holes, probably with an excimcr laser.

An alternative to deposition on a molybdenum
substrate (with or without holes) is to deposit the diamond
film on a silicon substrate which has been patterned with
silicon dioxide using standad lithographic techniques. The
benefit here is that the film will be sclcctivcly  deposited
on the silicon and not on the oxide. In this way it is
possible to pattern the wafer with oxide “dots” where the
grid holes arc supposed to be. Bccausc  the diamond
nucleation density on Si02 is several orders of magnitude
lower than on Si, the oxide essentially inhibits the
growth. Once the film has been deposited, the substrate
can be removed with an acid, While this approach involves
more process steps, it maybe desirable if the separation of
the diamond from a molybdenum substrate with holes is
difficult to accomplish without damaging the webbing
bctwccn the holes.

Diamond CON Carbon-Carbon G dn

Onc last promising option  which has only received a
limited amount of attention is that of coating a carbon-
carbon grid with diamond film. This schcmc  has the
advantage of potentially incorporating many of the

bcncfi~ of carbon-carbon and diamond. In particular, the
carbon-carbon panel providcx the flcxural  rigidity as in the
coated molybdenum case but does not suffer from the
relatively high CTE.

Deposition of diamond has been demonstrated on
carbon fiber composites with the crevices bctwccn adjacent
fibers providing favorable nucleation sites.

Y.Q.nclusions

Chclnically  vapor deposited diamond film was
evaluated as a potential material for use in ion optics. It
has a combination of properties which are ideally suited
for this application including a high thcrrnal conductivity,
low CT}{, and low erosion rate relative to carbon-carbon
composites and molybdcnurn.  Three fabrication options
were discussed; diamond coated molytxicnum,  free-standing
diamond, and diamond ccntcd carbon-n.

Coaling of carbon-carbon is promising but given the
negative CTE of carbon-carbon will require cvahration  to
assess the adhesion of the film under thermal cycling.
Dcpositiort  of free-standing films is done routinely in
industry as is laser drilling of holes. The rigidity of the
diamond film however could be a problem requiring
special handling. Depositing a free-standing film with
holes in onc process step is possible using either a
substrate with holes or selective deposition but will
require further testing to assess the extent of growth into
the holes. Coating of molybdenum grids should bc
feasible using existing tmhnology  and the adhesion should
not present a serious problctn if an intervening layer is
formed.

In each of these options, p-type doping of the
diamond film can be performed using diboranc with the
appropriate equipment, The conductivity should be
sufficient for the relativcl y small  currents the accelerator
grid is expected to handle.
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